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Anomaly Mediated Supersymmetry Breaking

Soft Mass Term

pros: fewer parameters,
UV insensitive, 
very predictive, etc

cons: tachyonic problem

AMSB is one of the promising SUSY breaking mechanisms.

L. Randall, R. Sundrum, Nucl. Phys. B557 79 (1999); 
G.F. Giudice, M. A. Luty, H. Murayama, R. Rattazzi, JHEP 12, (1998) 027;
I. Jack, D. R. T. Jones, Phys. Lett. B 473, 102 (2000).



Tachyonic problem

The anomalous dimension:
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Gauge Interaction + Yukawa Interaction



U(1)’ D-term

U(1)’ D-term

P. Fayet, J. Iliopoulos, Phys. Lett. B 51, 461 (1974);
I. Jack, D.R.T. Jones, Phus. Lett. B465, 148 (1999);
I. Jack, D. R. T. Jones, Phys. Lett. B 473, 102 (2000).

RG Invariant
One way to solve 
the tachyonic
problem



Anomaly Cancellation Conditions

Most Difficult One!

M.-C. Chen, J. Huang (2010), Phys. Rev. D 82, 075006 (2010)



Parametrization

a, a’, b, b’, c, c’, d, d’ characterize the charge splitting between different generations. 

[SU(3)]2 U(1)’NAF , [SU(2)L ]2 U(1)’NAF, [U(1)y ]2 U(1)’NAF

will be satisfied by this parametrization! 16 free 
parameters

M.-C. Chen, A. de Gouvea, B. A. Dobrescu (2007); M.-C. Chen, J. Huang (2010);
M.-C. Chen, D. R. T. Jones, A. Rajaraman, H. B. Yu (2008)



U(1)’ as a Family Symmetry
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Froggatt Nielsen Mechanism 

D. D. Froggatt, H. B. Nielsen, Nucl. Phys. B147, 277 (1979)



Effective Yukawa matrices Pattern

Mass hierarchies are obtained;
Lepton mixing can be generated;
No quark mixing, good 
approximation @ LO. Majorana Neutrinos



Summary of the 14 constraints

No/ small suppression on the heavy top quark, bottom quark, tau lepton:

High U(1)’ breaking scale:

Lepton mass hierarchy and mixing constraints:

*U(1)’NAF ]
2 U(1)Y Anomaly cancellation condition:

Quark mass hierarchy constraints:

14 
constraints

*U(1)’ NAF]
3 Anomaly cancellation condition:    qe3 = f(a’, b’, c’, qL3)  



Mass Sum Rules

Anomaly Cancellation Conditions

I. Jack, D.R.T. Jones, Phys. Lett. B 482, 167 (2000)

Physical mass sums



Mass Sum Rules (Cont.)

U(1)’ Gauge Invariance

Mass Square Splitting

M. Carena, K. Huitu and T. Kobayashi, Nucl. Phys. B 592, 164 (2001) 



Numerical Example

Anomaly Cancellation Conditions + Mass Hierarchy and Mixing

Charge splittings 
are very simple

Overall shift to 
the U(1)’NAF charges
are complex!

Two free parameters, a’, qL3 are left



Mass Spectrum & Mass Square Splitting

SoftSUSY 3.1

LSP

A. Kudo, M. Yamaguchi, Phys. Lett. B516, 151 (2001)       
J. L. Feng et al. Phys. Rev. Lett. 83, 1731 (1999).



LSP

SoftSUSY 3.1

Mass Spectrum (Cont.)



• AMSB is very predictive, determined by the 
low energy dynamics.

• Adding additional U(1) symmetry, tachyonic
problem can be solved and it can also play the 
role of family symmetry.

• Mass Squared splitting might be used to test 
our U(1)’ model at the collider

Conclusion


